The Triatoma infestans salivary gland proteins (TSGP) can induce local and systemic hypersensitivity reactions in humans. IgG antibodies against TSGP were present in higher levels in sera of Chagas disease patients, and in individuals living in triatomine-infested areas than in controls living in triatomine-free areas. TSGP-specific IgG 1 was found in sera of Chagas patients, and of individuals living in triatomine-infested rural areas, and uniquely specific IgG 4 was present in sera of Chagas patients living in triatomine-infested areas, reactive against TSGP. Unique specificities were not detected in sera of individuals reacting against the ubiquitous mosquito Culex quinquifasciatus saliva proteins (CSGP). In conclusion, IgG 1 reactive against TSGP is the main antibody present in individuals living in the triatomine-infested study areas. Also, IgG 4 is found in the sera of insect-transmitted Chagas disease patients living in study areas.
INTRODUCTION
Blood-feeding insects of the Orders Hemiptera and Diptera may cause immediate and delayed-type hypersensitivity reactions at the bite site in the skin, and occasionally may lead to life-threatening systemic anaphylaxis in the human host. [1] [2] [3] [4] [5] [6] [7] The main blood-feeding insect vectors of human diseases belong to the families Reduviidae (triatomines or kissing bugs) and Culicidae (mosquitoes, such as Culex, Aedes, Anopheles, Culiseta). The triatomines are widely distributed in the American Continent, where more than 100 species can transmit Trypanosoma cruzi, the causal agent of Chagas disease. 8 The reduviid Triatoma infestans is the main vector transmitting Chagas disease in Brazil, Bolivia, Paraguay, Argentina, and Uruguay. 9 The saliva of triatomines contains a variety of pharmacologically active substances, which upon injection are capable of arresting the homeostatic response of the host, enabling the bug to obtain a blood meal. 10 Proteins in the saliva of these insects are recognized by the host immune system. Humoral and cellular factors reactive to insect saliva antigens might play a role in the modulation of the insect feeding habit. [11] [12] [13] [14] [15] In this regard, specific antibody against the Anopheles stephensi saliva anti-platelet aggregating factor inhibited apyrase activity of an insect protein in vitro. 16 The immune response against insect-bites has been associated with IgE-mediated immediate type hypersensitivity. 17 However, IgG 4 in addition to IgE was detected in children with allergic reactions to Aedes communis and Aedes aegypti. 18 Furthermore, IgG 4 serum levels might serve as an indicator of intensity of exposure to insect bites. 19 In the current study, we measured antibody levels against T. infestans salivary gland proteins in sera of triatomine bugexposed people living in a rural area of the State of Goiás, Brazil, and compared data from these cohorts with those of individuals living in urban, triatomine-free areas. In addition, we detected antibodies against saliva proteins of the ubiquitous mosquito Culex quinquifasciatus in these population cohorts, which display some cross-reactivity to T. infestans saliva antigens.
MATERIALS AND METHODS
Triatoma and Culex. Fifth instar nymphs and adults of T. infestans used in this study were reared in a colony at the Chagas disease Multidisciplinary Research Laboratory, University of Brasília. Groups of 40 male and female insects reproduced in 8 ϫ 12 cm cylindrical, translucent plastic containers covered with fenestrated nylon caps, at 28ЊC, 70% relative humidity, and day-night cycle of 12 hr. First to 5 th instar nymphs, and adult T. infestans were fed on blood from chickens, which are refractory to infection by Trypanosoma cruzi, Trypanosoma rangeli or by cruzi-like flagellates that might colonize the insect intestinal tract. 20 In addition, we performed periodic microscopic examination of bulk samples of bug feces in order to monitor contamination of the triatomines with commensal or parasitic flagellates. Culex quinquifasciatus adult females were used to establish an adult mosquito colony, which was maintained at 28ЊC, with 12 hr day-night cycle, and humidity of 80%. The mosquitoes were fed 10% sucrose in distilled water to collect blood-free salivary antigens.
TSGP, CSGP and TcSP. Triatoma infestans salivary gland proteins (TSGP) were collected while insects were gently immobilized with a forceps. The saliva ejected from the insect proboscis upon proximity to the human hand was collected in a 100 L pipette tip. Culex quinquifasciatus salivary gland proteins (CSGP) were collected from adult females 2 to 3 days after emergence from the pupa stage. The insect thorax was lacerated with a fine tip forceps, and the salivary glands were transferred to conical micro tubes, and centrifuged for 30 sec at 14,000 rpm. T. cruzi soluble proteins (TcSP) were obtained as previously described. 21 The protein content of TSGP, CSGP and TcSP was determined 22 and samples were stored at Ϫ20ЊC. Serum samples. Ten mL of venous blood was drawn from 83 individuals living in the county of Posse, a triatomineinfested area of Northeast State of Goiás, Brazil, where people are naturally exposed to triatomine bites. In addition, we drew blood from 84 individuals living in urban areas of the Federal District of Brazil (controls), an area free of triatomine bugs. To avoid segregation of individuals less exposed to insect bites than others, we paired Chagas positive and † Among 87 individuals currently living in a triatomine-free area, 57 were born in triatomine-infested areas where they may have had contact with insect saliva allergens (see Methods). negative blood drawn from people living in the same house. The blood was allowed to clot, and the serum collected, and stored at Ϫ20ЊC in 50% glycerol. Each blood sample was subjected to immunofluorescence, ELISA, and indirect hemagglutination tests for Chagas disease. Subjects positive for each test were considered posivive for T. cruzi infection. 23 Serological assays and diagnosis of Chagas disease. Serum antibodies were detected in 96 well plates sensitized with 0.1 g of TSGP or with 0.4 g of CSGP in 50 L of 0.1 M carbonate buffer, pH 9.0, for 12 hr at 4ЊC. These quantities of TSGP and CSGP were used because they yielded similar optical densities with a standard serum dilution. Wells were blocked with 5% defatted milk in 0.1M PBStween 0.05%, pH 7.4, for 2 hr at room temperature. IgG antibody was detected in serum diluted 1:200 with 2% defatted milk in PBS-tween, whereas 1:20 dilution of test serum was used to determine IgG subclasses and IgE antibodies. 16 Specific antibody for each class or subclass is defined as the optical density (O.D.) at the highest serum dilution (end-point). Test sera were run in triplicate for 2 hr at room temperature, and the wells were washed three times with PBS-tween. The secondary antibodies were alkaline phosphatase labelled goat antibody anti-human IgG gamma chain, and purified monoclonal mouse anti-human IgG 1 , IgG 2 , IgG 3 , and IgG 4 (Zymed Laboratories, Inc., San Francisco, CA) heavy chain subclasses. Affinity isolated antigen specific antibody anti-⑀-chain human IgE alkaline phosphatase conjugate was purchased from Sigma (St. Louis, MO). Anti-whole IgG antibody conjugate was used at 1:1,000. Anti-IgE and anti-IgG subclasses were used at 1:500. After 2 hr of incubation at room temperature, wells were washed three times with PBS-tween. p-Nitrophenyl Phosphate substrate (Sigma) was added for 15 min, and stopped with 50 L 3 N Sodium Hydroxide. Optical densities were read in an ELISA plate reader (Dynatec MR 5,000) at 405 nm.
Immunoblot. The proteins in the TSGP, CSGP or TcSP were separated by 12.5% SDS-PAGE. 1.5 mg of TSGP, CSGP or TcSP were loaded in a single, 12 cm-long slot opened on the stacking gel, and separation of protein bands in the resolving gel was performed in parallel, as previously described. 24 Proteins separated by SDS-PAGE were transferred onto nitrocellulose membrane using semi-dry Nova blot apparatus (Pharmacia, Uppsala, Sweden) at 0.8 mA/cm 2 / 1 hr, in 48 mM Tris-HCl, 39 mM glycine, 0.037% SDS and 20% Methanol. Membranes were blocked with 2% defatted milk in PBS, pH 7.4, and 3 mm-width stripes were incubated with 1:200 dilutions of serum samples in 2% defatted milk-PBS for 2 hr at room temperature. After three washes for 10 min in PBS, the membranes were incubated 2 hr with 1: 2,000 alkaline phosphatase labeled goat anti-human IgG (Zymed). Reactivity was detected using the substrate nitro blue tetrazolium/5-bromo-4-chloro-3-indolyl phosphate (Sigma). The reaction was stopped by submersion of the stripes in running distilled water. Molecular mass standards (MM-SDS-blue, Sigma) were included in each gel and molecular weights were calculated using a standard calibration curve.
Antigen absorption assay. 1.5 mg of TSGP, CSGP or TcSP were used for coupling to the CNBR-activated Sepharose, as described in the manufacturer's protocol (Pharmacia Biotech, Upsala, Sweden). Then, 3 mL of each serum sample diluted 1:200 in PBS, pH 7.4, were mixed with the antigen covalently bound to the Sepharose matrix, and the mix was kept under gentle agitation for 2 hr at room temperature. The mix was centrifuged at 3,000 rpm for 10 min at 4 o C, and the supernatant was collected. The absorbed serum sample was used to detect proteins transferred to nitrocellulose containing TSGP, CSGP or TcSP, as described above. In control experiments, fresh serum sample dilutions were mixed with the CNBR-activated Sepharose matrix only.
Data analysis. The Fisher's exact test was used to determine statistical significance. The Tukey's test was used to compare the levels of IgG subclasses in individuals from different experimental groups. Table 1 shows the frequency of T. cruzi infections in the study populations. We found that 49 of 83 individuals living in triatomine-infested areas were positive for T. cruzi infections. Among 84 individuals living in triatomine-free areas over the last 15 years, 31 were positive for T. cruzi infection and 23 were negative. In addition, 30 subjects in this group, who were born in the urban Federal District, an area free of the insect vector, were also negative for T. cruzi infection.
RESULTS

Identification of Chagas disease patients.
These results allowed us to define the following groups 1) individuals who live in Chagas endemic areas infested with triatomine bugs; 2) individuals living in triatomine bugfree areas, who were exposed to triatomine saliva antigens, because they acquired Chagas disease; 3) uninfected individuals who live in triatomine-infested areas, who may not have been exposed to saliva antigens; 4) infected individuals living in triatomine-free areas for 15 years or more, but who were probably exposed to bug saliva antigens in triatomineinfested areas outside of the urban Federal District; and 5) control subjects who were born in triatomine-free area and were probably not exposed to triatomine saliva antigens.
Anti-TSGP IgGs. IgG levels for T. infestans saliva proteins are shown in Figure 1 . Chagas disease patients, regardless of their current residence in triatomine-free areas had elevated anti-TSGP IgG than sera of the control subjects. Furthermore, anti-TSGP IgG was higher in Chagas patients living in triatomine-free areas than in patients living in triatomine-infested areas. These differences were statistically significant (P Ͻ 0.001), and led us to examine cross-reactivity for heterologous insect saliva antigens. FIGURE 1. Profile of IgG antibodies against Triatoma infestans salivary gland proteins in sera of Chagas patients, and control subjects living in triatomine-infested or in triatomine-free areas. Note that means anti-TSGP antibody levels were higher in Chagas patients (Ⅵ, Ⅺ) than in controls (ⅷ, ⅜), regardless of whether they lived in triatomine-infested (Ⅵ, ⅷ) or in triatomine-free areas (Ⅺ, ⅜). Each ELISA test was run in triplicate. Bar represents the standard deviation, and mean is shown in each experimental group. Anti-CSGP IgGs. We next tested the reactivity to Culex quinquifasciatus CSGP. Figure 2 shows that the Chagas disease patients, regardless of area of residence, have higher anti-CSGP antibody levels than control groups. These differences were statistically significant (P Ͻ 0.001).
Profiles of TSGP and CSGP protein bands identified with various sera. Immunoblot analysis showed that IgG antibody reactivity against TSGP varied with the group of sera tested. Table 2 shows that 18 bands were recognized by sera from Chagas patients living in triatomine-infested areas, and 5 bands were recognized by sera from Chagas patients living in triatomine-free areas. These experiments also showed that sera from control (non-Chagas) individuals living in triatomine-infested areas recognized 21 protein bands, whereas sera from control individuals living in triatominefree areas recognized 10 bands. Of interest, Chagas patients' sera from the triatomine-infested areas reacted with high frequency (48.4-58%) to bands in the range of 79.7, 77, 58 and 47 kDa. None of these bands were formed with sera of Chagas patients living in triatomine-free areas. Furthermore, the highest frequency (37.5 to 58%) of bands in the range of 63, 25, 16.6, 13, 12.5, and 8 kDa, which were recognized by sera from control (non-Chagas) individuals living in triatomine-infested areas were distinct from those recognized by sera from control individuals living in triatomine-free areas.
IgG reactivity against CSGP reacted with numerous bands, as shown in Table 3 . Of interest, all Chagas patients living in triatomine-infested areas reacted with a 25 kDa band. In addition, 43.7-75% of these sera reacted with bands in the range of 94, 88, and 77 kDa compared with 4.1 to 12.5% of control sera. Moreover, 33.3-79.1% of sera from individuals living in triatomine-free-areas reacted with 184, 172, 75, and 13 kDa bands, whereas none of the sera from triatomine-infested areas reacted with these bands.
The antibodies are absorbed with homologous and heterologous proteins. The profiles after absorption of antibodies with TSGP and CSGP proteins are shown in Figures  3 and 4 . Multiple bands were formed by reacting these antibodies with TSGP (lane a), regardless of whether the individuals lived in a triatomine-infested area or not ( Table 2 and Figure 3 ). Furthermore, reactivity with these bands was almost completely abolished with TSGP (lane b) absorption, but was only partially reduced to CSGP (lane c) absorption (Figure 3 ). On the other hand, multiple bands that reacted with serum antibodies and CSGP (Table 3 and Figure 4 , lane a) were almost completely abolished with the homologous proteins (lane b), and only partially absorbed with heterologous proteins (Figure 4, lane c) . Some serum samples contained antibodies reactive against CSGP, whose bands were totally absorbed with TSGP antigens (Figure 4, sample 6 , lane c).
We further examined the question raised by data showing a high anti-TSGP response in Chagas patients living in a triatomine-free area for 15 years or more. Figure 5 shows a diverse pattern of bands formed with TcSP and TSGP after reacting with serum antibodies from Chagas patients. Of in-terest, the pattern of bands formed with TSGP varied from one Chagas patient to another, regardless of whether they lived in triatomine-free or in triatomine-infested areas. Figure 5 (lanes 10 a and c) also shows that antibodies reactive against the TcSP can be absorbed with TSGP to a great extent.
Subclasses of IgG are reactive against TSGP and CSGP. Figure 6 shows that the IgG 1 and IgG 4 subclasses comprised most of the antibodies reactive against TSGP. In fact, Chagas patients showed the highest average levels of IgG 1 when compared with the control groups, regardless of whether they were from triatomine-infested areas or not. However, control sera from individuals living in triatomineinfested areas also had higher levels of IgG 1 than those control subjects living in triatomine-free areas. All these categorical differences were statistically significant (P Ͻ 0.01). In addition, the IgG 4 subclass level in sera of Chagas patients living in triatomine-infested areas was higher than in the remaining groups. This difference was statistically significant. The IgG 2 and IgG 3 antibodies were present at low levels, and were not statistically different between sera from Chagas patients and control subjects. Figure 7 demonstrates the broad variation of IgG subclasses reactive against CSGP proteins among sera from different The antibodies in sera from Chagas patients 7 and 8 living in triatominefree areas that formed an array of bands (a) with the Trypanosoma cruzi antigen also formed a few bands with the TSGP (b). Antibodies in the serum from Chagas patient 9 living in a triatomine-infested area also showed a profile of bands similar to that shown by serum 7. The absorption of antibodies in serum from Chagas patient 10 with TSGP (see methods) markedly decreased the intensity of bands (c) formed with the T. cruzi soluble proteins. FIGURE 6. Subclasses of IgG antibodies are reactive against Triatoma infestans (TSGP) saliva proteins. Specific IgG 1 antibody levels were higher in Chagas patients and non-Chagas subjects living in triatomine-infested areas, and in Chagas patients living in triatomine-free areas, than in control individuals living in triatomine-free areas. Specific IgG 4 antibody levels were higher in sera of Chagas patients living in triatomine-infested areas than in the other groups. All these differences were statistically significant. groups. However, none of these differences were statistically significant. Of interest, profiles of subclasses of IgG antibodies against TSGP and CSGP proteins displayed in Figures 6 and 7 show that levels of IgG 2 reactive against CSGP, in sera of Chagas patients living in triatomine-free areas, and in control groups, were higher than those reactive against TSGP. These differences are statistically significant (P Ͻ 0.001).
IgE against TSGP and CSGP. Levels of IgE antibodies in sera of Chagas patients, and of control groups, living in triatomine-infested or triatomine-free areas did not show statistically significant differences (P Ͼ 0.05, data not shown). Regardless of the study group, the IgE antibodies against TSGP or CSGP were usually very low (O.D. Ͻ 0.22 at 1: 20 dilution).
DISCUSSION
The strategy used to determine specific antibodies reactive against T. infestans salivary gland proteins was based on serological evidence of Chagas disease, and on whether the individuals lived in triatomine-infested or in triatomine-free areas. After identification of Chagas patients among those cohorts, we subdivided the study groups according to epidemiological risk of exposure to antigens in triatomine bug saliva. Certainly, there are uninfected individuals living in triatomine-infested areas who may not have had contact with FIGURE 7 . Subclasses of IgG antibodies are reactive against Culex quinquifasciatus (CSGP) saliva proteins. This study groups IgGspecific subclass antibody levels, and showed no statistically significant differences. triatomine saliva. Furthermore, control individuals born in triatomine-free areas with negative serological assays for Chagas disease are considered not exposed to the triatomine saliva proteins.
The ELISA test showed IgG antibodies against TSGP in sera of Chagas patients in much higher levels than in the control groups. The immunoblot analysis showed a range of protein bands formed upon reaction of TSGP with serum antibodies. Usually, specific antibodies in sera of individuals living in triatomine-infested rural areas, regardless of having Chagas disease or not, revealed more protein bands in the triatomine saliva than those formed with sera of individuals living in triatomine-free urban areas. Some saliva protein bands reacted with sera of Chagas patients at higher frequency than others, but these bands were not necessarily shown by antiserum from another experimental group. Furthermore, the pattern of bands varied with different antibodies used, and could not be associated with an area where the Chagas patients lived.
The data suggest that persistent exposure to antigens on various occasions may result in immunological changes associated with clonal selection of different antibody producing cells. On one hand, the Chagas patients living in triatomine-infested areas showed a three-fold higher number of protein bands than Chagas patients living in triatomine-free areas. On the other, the demonstration of high levels of anti TSGP antibodies in Chagas patients living, for 15 years or more, in triatomine-free areas indicated common antigenic determinants in proteins present in TSGP and TcSP. This study revealed that antibodies against TcSP are partially absorbed with TSGP. We believe that these common antigenic determinants in the TcSP might be involved in persistent stimulation of the immune system of Chagas patients living in bug-free areas and producing antibodies against TSGP. The levels of antibodies were significantly higher in this group of patients than in those living in triatomine-infested areas, indicating possible environmental differences, such as better housing, nutrition, and health conditions in Chagas patients that migrated to an urban area.
The antigenic mimicry in T. cruzi and in T. infestans saliva proteins might be explained on the basis of conserved motifs present in the structure of proteins of the protozoan and of the reduviid bug. Furthermore, the long lasting commensal relationship between the organisms, which allows the flagellate to live and complete its life cycle in the gut of the insect, may create opportunities for exchanging genetic material. 25 The horizontal transfer of DNA between prokaryotes 26, 27 or among prokaryotes and eukaryotes has been reported. [28] [29] [30] [31] Furthermore, a direct horizontal transfer of sequence of kDNA from T. cruzi to the host cell has been suggested. 32, 33 The horizontal transfer of DNA has shed light on features associated with species evolution, by which the position of a taxon in the phylogenesis may be explained. 34, 35 The possibility exists that a long process of evolution adapted the flagellates to the intestinal lumen of an insect thus offering a unique opportunity for exchanging genetic material. This hypothesis awaits further information, which might be generated in future genomic programs aiming at sequencing pathogenic microorganisms and insects transmitting endemic infectious diseases.
The triatomine bug saliva contains a range of pharmacological substances with vasodilator, anti-coagulant, and antiplatelet aggregating activities. 36 These saliva antigens sensitize the host immune system of human hosts and of experimental animals, and specific humoral and cellular factors can be recognized in association with local and systemic humoral and cell-mediated types of hypersensitivities. 2, 4, 37, 38 The intensity of the responses varies from host to host, but the genetic control of these immune responses is basically unknown. It has been assumed that allergic reactions against hematophagous insects are IgE-mediated. In addition to IgE, one study showed that IgG 4 subclass is associated with Aedes communis and Aedes aegypti reactions against saliva proteins in children. 9, 19 In our study we show that IgG 1 and IgG 4 are the main subclasses reactive against T. infestans saliva proteins.
The current knowledge that immune reactions elicited by salivary gland antigens from Dipteran and Hemipteran hematophagous insects would increase the risk of transmission of an infectious agent has been associated with increased probing time and number of bites required for feeding upon a sensitized host. 39 However, in the absence of effective vaccines that would prevent hematopaghous Diptera and Hemiptera-transmitted viral and protozoan infections, other authors have focused on the possibility of the introduction of subtle changes in these insect feeding habits. 40 A mathematical model of insect-vector habit changes based in the host immune responses and environmental changes was developed, 41 probably aiming at explanation of sinoidal profile of prevalence of these infectious diseases. Unfortunately, the lack of suitable animal models reproducing at least some of the natural conditions taking place in endemic areas has precluded definition of a possible role for saliva proteins in defense mechanisms against insect feeding-patterns.
